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1
TRIPLE-COLLAR STENT-GRAFT

CROSS-REFERENCE TO RELATED
APPLICATIONS

The present application is the U.S. national stage of
International Application PCT/I1.2012/050424, filed Oct.
29, 2012, which claims priority from U.S. Provisional
Application 61/553,209, filed Oct. 30, 2011, which is
assigned to the assignee of the present application and is
incorporated herein by reference.

FIELD OF THE APPLICATION

This present application relates generally to prostheses
and surgical methods, and specifically to tubular prostheses,
including endovascular stent-grafts, and surgical techniques
for using the prostheses to maintain patency of body pas-
sages such as blood vessels, and treating aneurysms.

BACKGROUND OF THE APPLICATION

Endovascular prostheses are sometimes used to treat
aortic aneurysms. Such treatment includes implanting a stent
or stent-graft within the diseased vessel to bypass the
anomaly. An aneurysm is a sac formed by the dilation of the
wall of the artery. Aneurysms may be congenital, but are
usually caused by disease or, occasionally, by trauma. Aortic
aneurysms which commonly form between the renal arteries
and the iliac arteries are referred to as abdominal aortic
aneurysms (“AAAs”). Other aneurysms occur in the aorta,
such as thoracic aortic aneurysms (“TAAs”), which may
occur in one or more of the descending aorta, the ascending
aorta, and the aortic arch.

Endo-Vascular Aneurysm Repair (EVAR) has trans-
formed the practice of treatment of aortic aneurysms from an
open surgical approach to a much less invasive surgical
approach. The first step of an endovascular intervention
usually requires introducing a delivery system into the
vasculature of a subject. If the crossing profile, ie., the
external diameter, of the delivery system is 14 Fr or lower
(3 Fr=1 millimeter), a true percutaneous approach may be
used, because vascular closure devices are available for
proper closure of such puncture sites. If the crossing profile
at least 15-16 Fr, a vascular cut-down is usually required in
advance as a preparatory step to introduction of the delivery
system.

Endovascular systems for treatment of supra-renal aneu-
rysms generally require the preparatory step of a vascular
cut-down. A cut-down is the localized surgical exposure of
blood vessels for accessing the subject’s vasculature. For
example, most surgical cut-downs used in EVAR procedures
are performed in the vicinity of the pubis, exposing the iliac
arteries. Surgical cut-downs have related complications and
co-morbidities, including difficulty in controlling bleeding at
the access site, false aneurysms, and vascular obstruction. It
is therefore desirable to use a purely percutaneous approach,
instead of a vascular cut-down.

Endovascular stent-grafts for treating the thoracic aorta
usually require a 20-22 Fr delivery system, because of the
large amount of graft material indicated by the diameter of
the aorta above the level of the renal arteries (30-40 mm
diameter or more in some subjects). Currently used graft
materials are PET (Poly Ethylene Therephtalate) and ePTFE
(expanded Poly-Tetra-Fluoro-Ethylene). The thickness and
circumferential length of the graft have the most substantial
effect on the crossing profile of an endovascular system. The
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use of thinner graft materials generally reduces long-term
durability of the graft material.

“Endoleak” is the persistent flow of blood into the aneu-
rismal sac after implantation of an endovascular prosthesis.
The management of some types of endoleak remains con-
troversial, although most can be successfully occluded with
surgery, further stent implantation, or embolization. Four
types of endoleaks have been defined, based upon their
proposed etiology: Type I endoleak, described below; Type
II endoleak, characterized by flow into and out of the
aneurismal sac from patent branch vessels; Type III
endoleak, characterized by flow into the aneurismal sac from
separation between components of a modular system; and
Type IV endoleak, characterized by egress of blood through
the pores in the fabric.

A type I endoleak, which occurs in up to 10 percent of
endovascular aortic aneurysm repairs, is due to an incom-
petent seal at either the proximal or distal attachment sites of
the vascular prosthesis, resulting in blood flow at the end of
the prosthesis into the aneurismal sac. Etiologies include
undersizing of the diameter of the endograft at the attach-
ment site and ineffective attachment to a vessel wall that is
heavily calcified or surrounded by thick thrombus. Type I
failures have also been found to be caused by a continual
expansion of the aneurysm neck (the portion of the aorta
extending cephalad or caudad from the aneurysm, and is not
dilated). This expansion rate has been estimated to be about
one millimeter per year. Because the aneurysm neck
expands beyond the natural resting diameter of the prosthe-
sis, one or more passageways are defined about the pros-
thesis in communication with the aneurismal sac. Addition-
ally, Type 1 endoleaks may be caused when circular
prostheses are implanted in non-circular aortic lumens,
which may be caused by irregular vessel formation and/or
calcified topography of the lumen of the aorta.

Type 1 endoleaks may occur immediately after placement
of the prosthesis, or may be delayed. A delayed type I
endoleak may be seen during follow-up studies if the
prosthesis is deployed into a diseased segment of aorta that
dilates over time, leading to a breach in the seal at the
attachment site.

Type I endoleaks must be repaired as soon as they are
discovered, because the aneurismal sac remains exposed to
systemic pressure, predisposing to aneurysmal rupture, and
spontaneous closure of the leak is rare. If discovered at the
time of initial placement, repair may consist of reversal of
anticoagulation and reinflation of the deployment balloon
for an extended period of time. These leaks may also be
repaired with small extension grafts that are placed over the
affected end. These methods are usually sufficient to exclude
the aneurysm. Conversion to an open surgical repair may be
needed in the rare situation in which the leak is refractory to
percutaneous treatment.

As can be readily appreciated, even with the successful
implantation of an endovascular prosthesis, failures may
occur thereafter. It has been found that type I endoleak
failures may affect up to 5-10% of all implanted prostheses.
Accordingly, there is a clear need for an endovascular
prosthesis which can reduce the likelihood of, and ideally
eliminate, type 1 endoleak failures.

SUMMARY OF APPLICATIONS

Some applications of the present invention provide a
stent-graft that is configured to define at least one generally
tubular foldable section, which comprises first, second, and
third subsections. The stent-graft is configured to initially
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assume a radially-compressed delivery configuration, in
which the foldable section is in a longitudinally-expanded
state, such that the first and the third subsections longitudi-
nally surround the second subsection. During endoluminal
deployment in a body lumen, such as a blood vessel, the
stent-graft transitions to a radially-expanded deployment
configuration, in which the foldable section is longitudinally
folded. In this folded state, the second subsection is radially
sandwiched between the first and the third subsections. As a
result, the second subsection at least partially longitudinally
overlaps with both the first and the third subsections, thereby
thickening the graft material of the stent-graft.

This thickening of the stent-graft may provide improved
sealing between the stent-graft and a blood vessel wall, such
as at the neck of an aneurysm. Such improved sealing may
reduce the risk of type I endoleak, and/or provide improved
structural support, without increasing the crossing profile of
the stent-graft during transvascular introduction in the lon-
gitudinally-expanded delivery configuration. Graft material
generally has the most significant effect on the crossing
profile of a stent-graft. The stent-graft achieves a low
crossing profile during transvascular introduction in a cath-
eter, because the graft material of the stent-graft is longitu-
dinally stretched in the delivery configuration. The stent-
graft thus can typically be deployed using a catheter having
a diameter of no more than 28 Fr, such as no more than 22
Fr, e.g., no more than 14 Fr. These diameters, particularly as
they approach 14 Fr, generally enable the use of a true
percutaneous surgical technique, without the need for a
vascular cut-down.

For some applications, during a first stage of an implan-
tation procedure, the stent-graft is transvascularly (typically
percutaneously) introduced into a blood vessel, such as an
aorta, while positioned in a delivery catheter. The delivery
catheter is advanced to a desired deployment location in the
blood vessel, such at or slightly above the renal arteries. The
delivery catheter is proximally withdrawn, releasing the first
subsection of the foldable section in the aorta. The first
subsection radially expands as it is released, until it comes
in contact with a wall of the blood vessel, e.g., a sub-renal
neck of an aneurysm. The delivery catheter is further proxi-
mally withdrawn, releasing the second subsection of the
foldable section in the aorta. The second subsection radially
expands as it is released.

In order to fold the foldable section, the surgeon distally
advances the delivery catheter, thereby folding the second
subsection within the first subsection. As a result, the first
and the second subsections longitudinally overlap. The
surgeon further proximally withdraws the delivery catheter,
thereby releasing the third subsection within both the first
and the second subsections. The third subsection radially
expands as it is released from the catheter, thereby complet-
ing the transition of the foldable section to its longitudinally-
folded state. In this folded state, the second subsection is
radially sandwiched between the first and the third subsec-
tions.

For some applications, the stent-graft is a first stent-graft,
which is deployed in a side-facing fenestration of a second
stent-graft. During an implantation procedure, the second
stent-graft is deployed in a blood vessel, and assumes a
radially-expanded state. The first stent-graft, while in the
deployment configuration in a delivery catheter, is passed
partially through the side-facing fenestration of the second
stent-graft. The delivery catheter is proximally withdrawn,
releasing the first subsection, which radially expands as it is
released.
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The surgeon folds the foldable section of the stent-graft,
by (a) proximally withdrawing the delivery catheter, thereby
releasing the second subsection of the foldable section,
which radially expands, (b) distally advancing the delivery
catheter further through the fenestration, thereby folding the
second subsection within the first subsection, such that the
first and the second subsections longitudinally overlap, and
(c) further proximally withdrawing the delivery catheter,
thereby releasing the third subsection within both the first
and the second subsections.

As a result, the foldable section assumes its longitudi-
nally-folded state, such that the second subsection is radially
sandwiched between the first and the third subsections. The
foldable section of the first stent-graft is dimensioned to be
fixed to the side-facing fenestration, when the second stent-
graft is in a radially-expanded state and foldable section 30
is in its longitudinally-folded state. This folding of the
foldable section thickens the graft material of the stent-graft,
thereby providing improved sealing between the first stent-
graft and the fenestration. In addition, the folding typically
doubles or triples the number of structural support elements
of the stent-graft along the foldable section, thereby provid-
ing improved structural support at the junction between the
first and the second stent-grafts.

There is therefore provided, in accordance with an appli-
cation of the present invention, apparatus including an
endovascular stent-graft, which includes:

a fluid flow guide; and

a plurality of structural stent elements attached to at least
a portion of the fluid flow guide,

wherein the stent-graft is configured (a) to define a
generally tubular foldable section, which includes first,
second, and third subsections, and (b) to assume:

a delivery configuration, in which (a) the stent-graft,
including the foldable section, is in a radially-com-
pressed state, and (b) the foldable section is in a
longitudinally-expanded state, in which state the first
and the third subsections longitudinally surround the
second subsection, and

a deployment configuration, in which (a) the stent-graft,
including the foldable section, is in a radially-expanded
state, and (b) the foldable section is in a longitudinally-
folded state, such that the second subsection is radially
sandwiched between the first and the third subsections.

For some applications, an average surface coverage ratio
of the structural stent elements on the fluid flow guide along
the second subsection is no more than 20%, such as no more
than 10%, of the greater of (a) an average surface coverage
ratio of the structural stent elements on the fluid flow guide
along the first subsection and (b) an average surface cover-
age ratio of the structural stent elements on the fluid flow
guide along the third subsection. For some applications,
none of the structural stent elements is disposed along the
second subsection. For some applications, a first subgroup of
the structural stent elements is attached to the first subsec-
tion, and a second subgroup of the structural stent elements
is attached to the third subsection. For some applications,
one of the first and the second subgroups of the structural
stent elements is attached to an internal surface of the fiuid
flow guide, and the other of the first and the second
subgroups is attached to an external surface of the fluid flow
guide. For some applications, the first subgroup is attached
to the external surface, and the second subgroup is attached
to the internal surface.

For some applications, an evertibility of the second sub-
section is greater than an evertibility of the first subsection,
and is greater than an evertibility of the third subsection.
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For some applications, a first subgroup of the structural
stent elements is attached to the first subsection, and a
second subgroup of the structural stent elements is attached
to the third subsection; and one of the first and the second
subgroups of the structural stent elements is attached to an
internal surface of the fluid flow guide, and the other of the
first and the second subgroups is attached to an external
surface of the fluid flow guide. For some applications, the
first subgroup is attached to the external surface, and the
second subgroup is attached to the internal surface.

For some applications, when the stent-graft is in the
delivery configuration, the first and the second subsections
are arranged longitudinally contiguously, and the second and
the third subsections are arranged longitudinally contigu-
ously.

For some applications, a first subgroup of the structural
stent elements are attached to the fluid flow guide along the
first subsection, and at least partially curves inwardly, when
the foldable section is in the longitudinally-folded state. For
some applications, the first subsection has first and second
longitudinal edges, which second edge joins a third longi-
tudinal edge of the second subsection; the stent-graft is
configured to define, in addition to the foldable section, a
generally tubular proximal portion that extends from the first
longitudinal edge of the first subsection in a direction away
from the second subsection; and a second subgroup of the
structural stent elements are disposed along the proximal
portion, and do not curve inwardly. For some applications,
the first subsection has first and second longitudinal edges,
which second edge joins a third longitudinal edge of the
second subsection, and an at least partially inwardly-curved
portion of the first subgroup extends to a border between the
second and the third longitudinal edges. For some applica-
tions, none of the structural stent elements is disposed along
the second subsection.

For some applications, a second subgroup of the structural
stent elements are attached to the fluid flow guide along the
third subsection, and at least partially curves inwardly, when
the foldable section is in the longitudinally-folded state.

For some applications, first and second subgroups of the
structural stent elements are attached to the fluid flow guide
along the first and the third subsections, respectively, and the
first and the second subgroups are shaped to interlock the
first and the third subsections when the foldable section is in
the longitudinally-folded state.

For some applications, the structural stent elements are
arranged as a plurality of generally circumferential bands.

For some such applications, one of the circumferential
bands includes first portions and second portions; when the
foldable section is in its longitudinally-expanded state, the
first portions are disposed along at least a portion of the first
subsection, and the second portions are disposed along a
portion of the second subsection; and the first portions are at
least partially attached to the fluid flow guide along the first
subsection, and the second portions are not attached to the
fluid flow guide. For some applications, one of the circum-
ferential bands includes first portions and second portions;
when the foldable section is in its longitudinally-expanded
state, the first portions are disposed along at least a portion
of the third subsection, and the second portions are disposed
along a portion of the second subsection; and the first
portions are at least partially attached to the fluid flow guide
along the third subsection, and the second portions are not
attached to the fluid flow guide.

For some such applications, one of the circumferential
bands is attached to the fluid flow guide along the first
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subsection, and at least partially curves inwardly, when the
foldable section is in the longitudinally-folded state.

For some such applications, one of the circumferential
bands is attached to the fluid flow guide along the third
subsection, and at least partially curves inwardly, when the
foldable section is in the longitudinally-folded state.

For some such applications, first and second ones of the
circumferential bands are attached to the fluid flow guide
along the first and the third subsections, respectively, and the
first and the second circumferential bands are shaped to
interlock the first and the third subsections when the foldable
section is in the longitudinally-folded state.

For some such applications, the first subsection has first
and second longitudinal edges, which second edge joins a
third longitudinal edge of the second subsection, and one of
the circumferential bands is attached to the fluid flow guide
along the first subsection, and longitudinally protrudes
beyond the first longitudinal edge of the first subsection.

For some applications, the stent-graft is a first stent-graft;
the apparatus further includes a second stent-graft, which is
shaped so as to define a side-facing fenestration; and the
foldable section of the first stent-graft is dimensioned to be
fixed to the side-facing fenestration, when the second stent-
graft is in a radially-expanded state and the foldable section
is in the longitudinally-folded state.

For some applications, the foldable section includes first
and second foldable sections; and the third subsection of the
first foldable section serves also as the first subsection of the
second foldable section, such that the first foldable section
partially longitudinally overlaps the second foldable section
when the stent-graft is in the deployment configuration.

For some applications, the stent-graft is self-expandable.

For some applications, the structural stent elements
include a superelastic alloy, such as Nitinol. For some
applications, the structural stent elements include a shape
memory alloy.

For some applications, the fluid flow guide includes a
polyester, or a polyethylene, such as a poly-ethylene-te-
rephthalate.

For some applications, the stent-graft further includes a
plurality of circumferentially-disposed radiopaque markers.
For some applications:

the first subsection has first and second longitudinal
edges,

the second subsection has third and fourth longitudinal
edges,

the third subsection has fifth and sixth longitudinal edges,

the second edge joins the third edge,

the fourth edge joins the fifth edge, and

a first subset of the radiopaque markers are disposed near
the first edge of the first subsection, and a second subset of
the radiopaque markers are disposed near the fifth edge of
the third subsection.

For some applications, the radiopaque markers are dis-
posed in angularly overlapping arrays.

For some applications, the apparatus further includes an
elongated delivery tool, which includes a tubular external
shaft and an internal shaft, which is slidably disposed within
the external shaft, and the stent-graft is initially disposed, in
the delivery configuration, between the external and the
internal shafts of the delivery tool, in a vicinity of a distal
end of the external shaft. For some applications, the delivery
tool further includes a stopper member fixed to the internal
shaft, which is initially disposed proximally adjacent the
stent-graft, thereby preventing proximal movement of the
stent-graft inside the delivery tool when the external shaft is
withdrawn proximally relative to the internal shaft.
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There is further provided, in accordance with an applica-
tion of the present invention, a method including:

providing an endovascular stent-graft, which includes a
fluid flow guide, and a plurality of structural stent elements
attached to at least a portion of the fluid flow guide, wherein
the stent-graft is configured to define a generally tubular
foldable section, which includes first, second, and third
subsections;

transvascularly introducing the stent-graft into a blood
vessel of a human subject while the stent-graft is in a
delivery configuration, in which (a) the stent-graft, including
the foldable section, is in a radially-compressed state, and
(b) the foldable section is in a longitudinally-expanded state,
in which state the first and the third subsections longitudi-
nally surround the second subsection; and

thereafter, transitioning the stent-graft to a deployment
configuration in the blood vessel, in which configuration (a)
the stent-graft, including the foldable section, is in a radi-
ally-expanded state, and (b) the foldable section is in a
longitudinally-folded state, such that the second subsection
is radially sandwiched between the first and the third sub-
sections.

For some applications, providing the stent-graft includes
providing the stent-graft in which an average surface cov-
erage ratio of the structural stent elements of the structural
stent elements on the fluid flow guide along the second
subsection is no more than 20% of the greater of (a) an
average surface coverage ratio of the structural stent ele-
ments on the fluid flow guide along the first subsection and
(b) an average surface coverage ratio of the structural stent
elements on the fluid flow guide along the third subsection.
For some applications, providing the stent-graft includes
providing the stent-graft in which none of the structural stent
elements is disposed along the second subsection. For some
applications, providing the stent-graft includes providing the
stent-graft in which a first subgroup of the structural stent
elements is attached to the first subsection, and a second
subgroup of the structural stent elements is attached to the
third subsection. For some applications, providing the stent-
graft includes providing the stent-graft in which one of the
first and the second subgroups of the structural stent ele-
ments is attached to an internal surface of the fluid flow
guide, and the other of the first and the second subgroups is
attached to an external surface of the fluid flow guide. For
some applications, providing the stent-graft includes pro-
viding the stent-graft in which the first subgroup is attached
to the external surface, and the second subgroup is attached
to the internal surface.

For some applications, providing the stent-graft includes
providing the stent-graft in which an evertibility of the
second subsection is greater than an evertibility of the first
subsection, and is greater than an evertibility of the third
subsection.

For some applications, providing the stent-graft includes
providing the stent-graft in which: a first subgroup of the
structural stent elements is attached to the first subsection, a
second subgroup of the structural stent elements is attached
to the third subsection, one of the first and the second
subgroups of the structural stent elements is attached to an
internal surface of the fluid flow guide, and the other of the
first and the second subgroups is attached to an external
surface of the fluid flow guide. For some applications,
providing the stent-graft includes providing the stent-graft in
which the first subgroup is attached to the external surface,
and the second subgroup is attached to the internal surface.

For some applications, transitioning includes transition-
ing the stent-graft to the deployment configuration in which
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the first and the second subsections are arranged longitudi-
nally contiguously, and the second and the third subsections
are arranged longitudinally contiguously.

For some applications, providing the stent-graft includes
providing the stent-graft in which a first subgroup of the
structural stent elements are attached to the fluid flow guide
along the first subsection, and at least partially curves
inwardly, when the foldable section is in the longitudinally-
folded state.

For some applications, providing the stent-graft includes
providing the stent-graft in which a second subgroup of the
structural stent elements are attached to the fluid flow guide
along the third subsection, and at least partially curves
inwardly, when the foldable section is in the longitudinally-
folded state.

For some applications, providing the stent-graft includes
providing the stent-graft in which first and second subgroups
of the structural stent elements are attached to the fluid flow
guide along the first and the third subsections, respectively,
and transitioning the stent-graft to the deployment configu-
ration includes interlocking the first and the third subsec-
tions.

For some applications, the stent-graft is a first stent-graft,
and the method further includes:

providing a second stent-graft, which is shaped so as to
define a side-facing fenestration;

transvascularly introducing the second stent-graft into the
subject; and

positioning the foldable section of the first stent-graft
inside the side-facing fenestration, and

transitioning includes transitioning the first stent-graft to
the deployment configuration while positioned in the side-
facing fenestration, thereby fixing the first stent-graft to the
side-facing fenestration.

For some applications, transitioning the stent-graft to the
deployment configuration includes allowing the stent-graft
to self-expand.

For some applications, providing the stent-graft includes
providing the stent-graft in which the stent-graft further
includes a plurality of circumferentially-disposed
radiopaque markers. For some applications:

the first subsection has first and second longitudinal
edges,

the second subsection has third and fourth longitudinal
edges,

the third subsection has fifth and sixth longitudinal edges,

the second edge joins the third edge,

the fourth edge joins the fifth edge,

providing the stent-graft includes providing the stent-graft
in which a first subset of the radiopaque markers are
disposed near the first edge of the first subsection, and a
second subset of radiopaque markers are disposed near the
fifth edge of the third subsection, and

transitioning the stent to the deployment configuration
includes ascertaining that the foldable section has fully
assumed the longitudinally-folded state by observing that
the first and the second subsets of the radiopaque markers
are longitudinally aligned with each other.

For some applications, transvascularly introducing
includes transvascular introducing the stent-graft into the
blood vessel while the stent-graft is initially disposed, in the
delivery configuration, between a tubular external shaft and
an internal shafts of an elongated delivery tool, in a vicinity
of a distal end of the external shaft. For some applications,
the delivery tool further includes a stopper member fixed to
the internal shaft, transvascularly introducing includes trans-
vascularly introducing the stent-graft while the stopper



US 9,427,339 B2

9

member is initially disposed proximally adjacent the stent-
graft, and transitioning the stent-graft to the deployment
configuration includes withdrawing the external shaft proxi-
mally relative to the internal shaft, such that the stopper
member prevents proximal movement of the stent-graft
inside the delivery tool.

The present invention will be more fully understood from
the following detailed description of applications thereof,
taken together with the drawings, in which:

BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1 is a schematic illustration of an endovascular
stent-graft, in accordance with an application of the present
invention;

FIGS. 2A-B are schematic illustrations of an endovascu-
lar stent-graft, in accordance with an application of the
present invention;

FIG. 2C is a schematic illustration of an endovascular
stent-graft, in accordance with an application of the present
invention;

FIGS. 3A-F are schematic illustrations of an exemplary
method of deploying an endovascular stent-graft in the
vicinity of an sub-renal abdominal aortic aneurysm of an
abdominal aorta, in accordance with an application of the
present invention;

FIGS. 4A-D are schematic illustrations of an exemplary
method of deploying first and second stent-grafts, in accor-
dance with an application of the present invention;

FIGS. 5A and 5B are exemplary stent patterns, in accor-
dance with respective applications of the present invention;

FIG. 6 is a schematic cross-sectional illustration of an
elongated delivery tool, in accordance with an application of
the present invention; and

FIG. 7 is a schematic cross-sectional illustration of one
wall of a doubled foldable section of an endovascular
stent-graft, in accordance with an application of the present
invention.

DETAILED DESCRIPTION OF APPLICATIONS

Applications of the present invention provide a foldable
endovascular stent-graft.

FIG. 1 is a schematic illustration of a stent-graft 20, in
accordance with an application of the present invention.
Stent-graft 20 is one configuration of the foldable endovas-
cular stent-graft provided in applications of the present
invention. Endovascular stent-graft 20 is configured to ini-
tially be positioned in a delivery catheter in a delivery
configuration, as described hereinbelow with reference to
FIG. 3A, and to assume a deployment configuration upon
being deployed from the delivery catheter, as described
hereinbelow with reference to FIGS. 3B-F. FIG. 1 shows the
endovascular stent-graft in the deployment configuration.

Stent-graft 20 comprises a fluid flow guide 22, and a
plurality of structural stent elements 24 attached to at least
a portion of the fluid flow guide, such as by suturing or
stitching. Structural stent elements 24 may be attached to an
internal surface and/or an external surface of the fluid flow
guide. Optionally, a portion of the structural stent elements
may be attached (e.g., sutured) to the internal surface, and
another portion to the external surface. For some applica-
tions, structural stent elements 24 comprise a metal. Alter-
natively or additionally, the structural stent elements com-
prise a self-expanding material, such that stent-graft 20 is
self-expandable. Alternatively or additionally, the structural
stent elements comprise a superelastic metal alloy, a shape
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memory metallic alloy, and/or Nitinol. For some applica-
tions, the stent-graft is heat-set to assume the radially-
expanded state.

Fluid flow guide 22 comprises at least one biologically-
compatible substantially blood-impervious flexible sheet.
The flexible sheet may comprise, for example, a polyester,
a polyethylene (e.g., a poly-ethylene-terephthalate), a poly-
meric film material (e.g., polytetrafluoroethylene), a poly-
meric textile material (e.g., woven polyethylene terephtha-
late (PET)), natural tissue graft (e.g., saphenous vein or
collagen), or a combination thereof.

Stent-graft 20 is configured to define at least one generally
tubular foldable section 30, which comprises a first subsec-
tion 32, a second subsection 34, and a third subsection 36.
For some applications, such as shown in FIGS. 1, 2A-C,
3A-F, 4A-D, 5A-B, and 6, foldable section 30 comprises
exactly three subsections, in which case the foldable section
may be considered a triple-collar section, and stent-graft 20
may be considered a triple-collar stent-graft. For other
applications, foldable section 30 comprises more than three
subsections, such as described hereinbelow with reference to
FIG. 7. Stent-graft 20 is configured to assume a delivery
configuration for endoluminal delivery, and a deployment
configuration for deployment in a body lumen, such as a
blood vessel.

When the stent-graft is in the deployment configuration,
as show in FIG. 1, the stent-graft, including foldable section
30, is in a radially-expanded state, and the foldable section
is in a longitudinally-folded state. In this folded state, second
subsection 34 is radially sandwiched between first and third
subsections 32 and 36. First subsection 32 is radially out-
ward of second subsection 34, and third subsection 36 is
radially inward of second subsection 34. As a result, second
subsection 34 at least partially longitudinally overlaps with
both first and third subsections 32 and 36. For some appli-
cations, as shown in FIG. 1, second subsection 34 entirely
longitudinally overlaps with both first and third subsections
32 and 36.

First subsection 32 has first and second longitudinal edges
40 and 42. Second subsection 34 has third and fourth
longitudinal edges 44 and 46. Third subsection 36 has fifth
and sixth longitudinal edges 48 and 50. Second edge 42 joins
third edge 44, defining a border therebetween, and fourth
edge 46 joins fifth edge 48, defining a border therebetween.

Typically, when the stent-graft is in the deployment
configuration, as shown in FIG. 1, fourth edge 46 of second
subsection 34 is generally sandwiched between first edge 40
of first subsection 32 and fifth edge 48 of third subsection 36,
such that first edge 40 is radially outward of fourth edge 46,
and fifth edge 48 is radially inward of fourth edge 46. In
addition, third edge 44 of second subsection 34 is generally
sandwiched between second edge 42 of first subsection 32
and sixth edge 50 of third subsection 36, such that second
edge 42 is radially outward of third edge 44, and sixth edge
50 is radially inward of third edge 44.

Reference is now made to FIGS. 2A-B, which are sche-
matic illustrations of a stent-graft 120, in accordance with an
application of the present invention. Stent-graft 120 is one
configuration of the foldable endovascular stent-graft pro-
vided in applications of the present invention. Stent-graft
120 is shown in FIG. 2A a delivery configuration (except as
noted below), in a longitudinally-expanded state, and in
FIG. 2B in a deployment configuration. Like stent-graft 20,
described hereinabove with reference to FIG. 1, and the
other configurations of the foldable endovascular stent-graft
provided in applications of the present invention, stent-graft
120 comprises foldable section 30. Unlike stent-graft 20,
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stent-graft 120 comprises a generally tubular proximal por-
tion 122 that joins and extends distally from first edge 40 of
first subsection 32, in a direction away from second subsec-
tion 34. Unless otherwise indicated or clearly not feasible,
all of the features described with reference to stent-graft 20
may also be provided for stent-graft 120, and vice versa, as
well as for the other configurations of the foldable stent-graft
provided in applications of the present invention.

For clarity of illustration, in FIG. 2A stent-graft 120 is
shown in a radially-expanded state. In actual use, stent-graft
120, including foldable section 30, is in a radially-com-
pressed state when in the delivery configuration, such as
shown in FIG. 3A (for stent-graft 220), FIG. 4A (for
stent-graft 320), and/or FIG. 6 (for stent-graft 20, 120, 220,
or 320).

When the stent-graft is in the delivery configuration,
foldable section 30 is in a longitudinally-expanded state, in
which state first and third subsections 32 and 36 longitudi-
nally surround second subsection 34. Typically, first and
third subsections 32 and 36 are longitudinally adjacent to
second subsection 34, i.e., first and second subsections 32
and 34 are arranged longitudinally contiguously, and second
and third subsections 34 and 36 are arranged longitudinally
contiguously.

For some applications, as shown in FIGS. 1 and 2A-B, an
average surface coverage ratio of structural stent elements
24 on fluid flow guide 22 along second subsection 34 is no
more than 20%, such as no more than 10%, of the greater of
(a) an average surface coverage ratio on fluid flow guide 22
along first subsection 32 and (b) an average surface coverage
ratio on fluid flow guide 22 along third subsection 36. For
some applications, none of structural stent elements 24 is
disposed along second subsection 34. Providing this lower
average surface coverage ratio (such as no surface coverage)
provides greater evertibility to second subsection 34,
thereby enabling the transition of foldable section 30 from
the longitudinally-expanded state to the folded state. During
this transition, the second subsection is everted, i.e., turned
inside-out.

Alternatively or additionally, the average surface cover-
age ratio of structural stent elements 24 on fluid flow guide
22 along second subsection 34 is not necessarily no more
than 20%. The greater evertibility of second subsection 34
compared to first and third subsections 32 and 36 may be
provided by:

configuring the structural stent elements along the second

subsection to be softer and/or thinner than the structural
stent elements along the first and/or the third subsec-
tions; and/or

configuring the structural stent elements along the second

subsection to be longitudinally short, e.g., as simple
circles disposed circumferentially around the stent-
graft. Optionally, the structural stent elements extend
around less than 360 degrees of the circumference of
the stent-graft, i.e., are circumferentially incomplete, in
order to increase the evertibility of the second subsec-
tion.

For some applications, a first subgroup 124 of structural
stent elements 24 is attached (e.g., sutured) to first subsec-
tion 32, and a second subgroup 126 of structural stent
elements 24 is attached (e.g., sutured) to third subsection 36.
For some applications, one of first and second subgroups
124 and 126 of structural stent elements 24 is attached (e.g.,
sutured) to an internal surface of fluid flow guide 22, and the
other of first and second subgroups 124 and 126 is attached
(e.g., sutured) to an external surface of fluid flow guide 22.
For example, as shown in FIGS. 1 and 2A-B, first subgroup
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124 may be attached to the external surface of first subsec-
tion 32, and second subgroup 126 may be attached to the
internal surface of third subsection 36.

For some applications, as shown in FIGS. 1 and 2A-B,
structural stent elements 24 are arranged as a plurality of
generally circumferential bands 150. Longitudinal adjacent
ones of bands 150 may or may not be joined to one another.
For some applications, one or more of circumferential bands
150 is attached (e.g., sutured) to fluid flow guide 22 along
first subsection 32 (either to an external surface and/or to an
internal surface thereot), and one or more of circumferential
bands 150 is attached (e.g., sutured) to fluid flow guide 22
along third subsection 36 (either to an external surface
and/or to an internal surface thereof). Optionally, in addition,
one or more of circumferential bands 150 is attached to fluid
flow guide 22 along second subsection 34 (either to an
external surface and/or to an internal surface thereof).

Alternatively, none of circumferential bands 150 is
attached to fluid flow guide 22 along second subsection 34.
The longitudinal end of the circumferential band attached
(e.g., sutured) to the first subsection at second longitudinal
edge 42 thereof thus may serve to define the border between
the first and the second subsections. Similarly, the longitu-
dinal end of the circumferential band attached (e.g., sutured)
to the third subsection at fifth longitudinal edge 48 thereof
thus may serve to define the border between the third and the
second subsections. Foldable section 30 folds along these
two borders.

For some applications, as shown in FIG. 2B, a first
subgroup of structural stent elements 24, such as at least one
(e.g., exactly one) of circumferential bands 150, is attached
to fluid flow guide 22 along first subsection 32, and at least
partially curves inwardly, when the foldable section is in the
longitudinally-folded state. For example, the first subgroup
may be concave in at least one direction (e.g., in a direction
parallel to a central longitudinal axis of the stent-graft, as
shown), as viewed from outside stent-graft 120. Alterna-
tively, the first subgroup at least partially curves outwardly
(e.g., may be convex) in a directional parallel to the central
longitudinal axis of the stent-graft, as viewed from outside
stent-graft 120 (configuration not shown). For some appli-
cations, an at least partially inwardly- or outwardly-curved
portion of the first subgroup extends to second longitudinal
edge 42 of first subsection 32, i.e., to the border between the
first and the second subsections.

Alternatively or additionally, as shown in FIG. 2B, a
second subgroup of structural stent elements 24, such as at
least one (e.g., exactly one) of circumferential bands 150, is
attached to fluid flow guide 22 along third subsection 36, and
at least partially curves inwardly when the foldable section
is in the longitudinally-folded state. For example, the second
subgroup may be concave in at least one direction (e.g., in
a direction parallel to a central longitudinal axis of the
stent-graft, as shown), as viewed from outside stent-graft
120. Alternatively, the second subgroup at least partially
curves outwardly (e.g., may be convex), in a directional
parallel to the central longitudinal axis of the stent-graft), as
viewed from outside stent-graft 120 (configuration not
shown). For some applications, an at least partially
inwardly- or outwardly-curved portion of the second sub-
group extends to fifth longitudinal edge 48 of third subsec-
tion 36, i.e., to the border between the third and the second
subsections.

The curved shapes of first and third subsections 32 and 36
generally correspond with each other, thereby interlocking,
and thus axially mounting, these two subsections when the
foldable section is folded. This interlocking reduces the
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likelihood of migration of the first subsection relative to the
third subsection after implantation in the longitudinally-
folded deployment state. Alternatively, the first and the
second subgroups of the structural stent elements have
respective non-curved shapes that generally correspond with
each other, in order to provide the interlocking. As used in
the present application, including in the claims, to “inter-
lock,” with respect to two elements, means to engage the two
elements with each other by overlapping or by the fitting
together of projections and recesses; the two elements need
not come in physical contact with each other (e.g., the
second subsection is sandwiched between the first and the
third subsections when the foldable section is folded, such
that the first and the third subsections do not generally come
in contact with each other).

For some applications, structural stent elements 24 dis-
posed along proximal portion 122 of stent-graft 120 do not
curve inwardly.

For some applications, such as shown in FIG. 1, at least
one (e.g., exactly one) of circumferential bands 150 is
attached to fluid flow guide 22 along first subsection 32, and
longitudinally protrudes beyond first longitudinal edge 40 of
first subsection 32.

For some applications, as shown in FIG. 1, stent-graft 20
further comprises a plurality of circumferentially-disposed
radiopaque markers 160. For some applications, the
radiopaque markers are disposed at two or three of the
following sets of locations: (1) a set of one or more locations
near first edge 40 of first subsection 32, (2) a set of one or
more locations near fourth edge 46 of second subsection 34,
and (3) a set of one or more locations near fifth edge 48 of
third subsection 36. For some of these applications, a first
subset 162 of radiopaque markers 160 is coupled to struc-
tural stent elements 24 that are attached to fluid flow guide
22 along first subsection 32, and a second subset 164 of
radiopaque markers 160 is coupled to structural stent ele-
ments 24 that are attached to fluid flow guide 22 along third
subsection 36, as shown in FIG. 1.

During an implantation procedure, such as described
hereinbelow with reference to FIGS. 3D-E, the surgeon may
observe the relative longitudinal positions of first and second
subsets 162 and 164 of radiopaque markers 160. The sur-
geon ascertains that foldable section 30 has fully assumed
the longitudinally-folded state by observing that first and
second subsets 162 and 164 are longitudinally aligned with
each other.

For some applications, radiopaque markers 160 of first
subset 162 are disposed with an angular (i.e., circumferen-
tial, rotational) offset with respect to radiopaque markers
160 of second subset 164, when the foldable section is in its
delivery configuration. For example, the offset may be O
degrees, or any other angular value. While folding the
foldable section, the surgeon observes the relative rotational
orientation of the radiopaque markers of the two subsets 162
and 164 of markers, and rotates a portion of the stent-graft
appropriately in order to maintain rotational alignment
between the first and the third subsections during folding of
the foldable section.

Reference is made to FIG. 2C, which is a schematic
illustrations of another stent-graft 180, in accordance with
an application of the present invention. Stent-graft 180 is
one configuration of the foldable endovascular stent-graft
provided in applications of the present invention. Stent-graft
180 is shown in FIG. 2C in a delivery configuration, in a
longitudinally-expanded state. Like stent-grafts 20 and 120,
described hereinabove with reference to FIGS. 1 and 2A-B,
and the other configurations of the foldable endovascular
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stent-graft provided in applications of the present invention,
stent-graft 180 comprises foldable section 30. Unless oth-
erwise indicated or clearly not feasible, all of the features
described with reference to stent-grafts 20 and 120 may also
be provided for stent-graft 180, and vice versa, as well as for
the other configurations of the foldable stent-graft provided
in applications of the present invention.

For some applications, one 181 of circumferential bands
150 includes first portions 183 and second portions 182.
When foldable section 30 is in its longitudinally-expanded
state, first portions 183 are disposed along at least a portion
of first subsection 32, and second portions 182 are disposed
along a portion of second subsection 34, i.e., circumferential
band 181 longitudinally spans the border between the first
and the second subsections. First portions 183 are at least
partially attached (e.g., sutured) to fluid flow guide 22 along
first subsection 32. Second portions 182 are not attached
(e.g., are not sutured) to fluid flow guide 22. As a result,
when foldable section 30 assumes its longitudinally-folded
state, unattached portions 182 extend beyond second longi-
tudinal edge 42 of first subsection 32 and third longitudinal
edge 44 of second subsection 34, because the foldable
section folds longitudinally along the border between second
longitudinal edge 42 and third longitudinal edge 44.

Alternatively or additionally, for some applications, one
186 of circumferential bands 150 includes first portions 185
and second portions 184. When foldable section 30 is in its
longitudinally-expanded state, first portions 185 are dis-
posed along at least a portion of third subsection 36, and
second portions 184 are disposed along a portion of second
subsection 34, i.e., circumferential band 181 longitudinally
spans the border between the third and second subsections.
First portions 185 are at least partially attached (e.g.,
sutured) to fluid flow guide 22 along third subsection 36.
Second portions 182 are not attached (e.g., are not sutured)
to fluid flow guide 22. As a result, when foldable section 30
assumes its longitudinally-folded state, unattached portions
184 extend beyond fourth longitudinal edge 46 of second
subsection 34 and fifth longitudinal edge 48 of third sub-
section 36, because the foldable section folds longitudinally
along the border between fourth longitudinal edge 46 and
fifth longitudinal edge 48.

Reference is now made to FIGS. 3A-F, which are sche-
matic illustrations of an exemplary method of deploying a
stent-graft 220 in the vicinity of an sub-renal abdominal
aortic aneurysm 260 of an abdominal aorta 62, in accordance
with an application of the present invention. Stent-graft 220
is one configuration of the foldable endovascular stent-graft
provided in applications of the present invention. Stent-graft
220 comprises foldable section 30, and is generally similar
to stent-graft 20, described hereinabove with reference to
FIG. 1, stent-graft 120, described hereinabove with refer-
ence to FIGS. 2A-B, and/or stent-graft 180, described here-
inabove with reference to FIG. 2C, and may incorporate
some or all the features of stent-graft 20, stent-graft 120,
and/or stent-graft 180. For clarity of illustration, structural
stent elements 24 are not shown on the deployed portion of
stent-graft 220. Elements 24 may be attached to either an
internal or an external surface of stent-graft 220, or a
combination of the internal and external surfaces, such as
described hereinabove with reference to FIGS. 1 and 2A-B.

As shown in FIG. 3A, during a first stage of the implan-
tation procedure, stent-graft 220 is deployed using an endo-
vascular stent delivery tool 270, which typically comprises
adelivery catheter 272, a distal tip 274, and a guidewire 276.
Stent-graft 220 is initially positioned in delivery catheter
272, restrained in the stent-graft’s delivery configuration by
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the catheter. Stent-graft 220 is transvascularly (typically
percutaneously) introduced into aorta 262, e.g., via one of
the iliac arteries, while positioned in delivery catheter 272.
In this exemplary deployment, delivery catheter 272 and
distal tip 274 are advanced over guidewire 276 until the
distal tip is positioned at or slightly above renal arteries
278A and 278B.

As shown in FIG. 3B, delivery catheter 272 is proximally
withdrawn, releasing first subsection 32 of foldable section
30 in aorta 262. First subsection 32 radially expands as it is
released, until it comes in contact with a wall of the blood
vessel, e.g., a sub-renal neck 280 of aneurysm 260 in this
exemplary deployment.

As shown in FIG. 3C, delivery catheter 272 is further
proximally withdrawn, releasing second subsection 34 of
foldable section 30 in aorta 262. Second subsection 34
radially expands as it is released.

As shown in FIG. 3D, the surgeon begins folding foldable
section 30 of stent-graft 220. The surgeon distally advances
delivery catheter 272, thereby folding second subsection 34
within first subsection 32. As a result, first and second
subsections 32 and 34 longitudinally overlap.

As shown in FIG. 3E, the surgeon further proximally
withdraws delivery catheter 272, thereby releasing third
subsection 36 within both first and second subsections 32
and 34. Third subsection 36 radially expands as it is released
from the catheter, thereby completing the transition of
foldable section 30 to its longitudinally-folded state, such
that second subsection 34 is radially sandwiched between
first and third subsections 32 and 36. In FIG. 3E, a portion
282 of stent-graft 220 proximal and adjacent to foldable
section 30 is also shown partially deployed from delivery
catheter 272. The remainder of stent-graft 220 is still posi-
tioned in catheter 272.

FIG. 3F shows stent-graft 220 after the stent-graft has
fully assumed the deployment configuration, and delivery
tool 270 has been withdrawn from aorta 262. The folding of
foldable section 30 thickens the graft material of fluid flow
guide 22, thereby providing improved sealing between the
stent-graft and sub-renal neck 280 of aneurysm 260. Such
improved sealing reduces the risk of type I endoleak, and/or
provides improved structural support and/or resistance to
fractures.

For some applications, as shown in FIGS. 3B-F, stent-
graft 220 comprises distal anchoring elements 290, for
example as described in PCT Publication WO 2010/150208,
which is incorporated herein by reference, mutatis mutandis,
e.g., with reference to FIGS. 3, 7A-C, 9A-B, 10A-B, 13,
15A-C, 16, 17, 18, 19, 20A-B, and/or 21A-B thereof.

Reference is now made to FIGS. 4A-D, which are sche-
matic illustrations of an exemplary method of deploying first
and second stent-grafts 320 and 322, in accordance with an
application of the present invention. First stent-graft 320 is
one configuration of the foldable endovascular stent-graft
provided in applications of the present invention. First
stent-graft 320 comprises foldable section 30, and is gener-
ally similar to stent-graft 20, described hereinabove with
reference to FIG. 1, stent-graft 120, described hereinabove
with reference to FIGS. 2A-B, stent-graft 180, described
hereinabove with reference to FIG. 2C, and/or stent-graft
220, described hereinabove with reference to FIGS. 3A-F,
and may incorporate some or all the features of stent-graft
20, stent-graft 120, stent-graft 180, and/or stent-graft 220.
Second stent-graft 322 is shaped so as to define a side-facing
fenestration 324. Second stent-graft 322 may be a conven-
tional stent-graft, or may implement some of the techniques
described in the applications incorporated hereinbelow by
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reference. Optionally, stent-graft 322 comprises a foldable
section (configuration not shown).

As shown in FIG. 4A, second stent-graft 322 is deployed
in a blood vessel of human subject (for clarity of illustration,
the anatomy is not shown). Second stent-graft 322 assumes
a radially-expanded state.

As shown in FIG. 4B, first stent-graft 320, while in the
deployment configuration in a delivery catheter 330 of a
delivery tool 332, is passed partially through side-facing
fenestration 324 of second stent-graft 322. The catheter is
typically first introduced into second-stent graft 322, and
then advanced through the fenestration and partially out of
the second stent-graft, typically into a blood vessel that
branches from the blood vessel in which the second stent-
graft is positioned.

As shown in FIG. 4C, delivery catheter 330 is proximally
withdrawn, releasing first subsection 32 of foldable section
30. First subsection 32 radially expands as it is released.

The surgeon folds foldable section 30 of stent-graft 320,
by:

proximally withdrawing delivery catheter 330, thereby

releasing second subsection 34 of foldable section 30,
which radially expands,

thereafter, distally advancing delivery catheter 330 further

through fenestration 324, thereby folding second sub-
section 34 within first subsection 32, such that first and
second subsections 32 and 34 longitudinally overlap,
and

thereafter, further proximally withdrawing delivery cath-

eter 330, thereby releasing third subsection 36 within
both first and second subsections 32 an 34.
Although these folding steps are not illustrated in FIGS.
4A-D, these steps are illustrated, mutatis mutandis, in FIGS.
3C-E, as described hereinabove.

The result of performing these steps is shown in FIG. 4D:
foldable section 30 is in its longitudinally-folded state, such
that second subsection 34 is radially sandwiched between
first and third subsections 32 and 36. (In FIG. 4D, fluid flow
guide 22 is shown partially cut-away around fenestration
324, to allow foldable section 30 to be seen). Foldable
section 30 of first stent-graft 320 is dimensioned to be fixed
to side-facing fenestration 324, when second stent-graft 322
is in a radially-expanded state and foldable section 30 is in
its longitudinally-folded state. The folding of foldable sec-
tion 30 thickens the graft material of fluid flow guide 22,
thereby providing improved sealing between first stent-graft
320 and fenestration 324. In addition, the folding typically
doubles or triples the number of structural support elements
24 along foldable section 30, thereby providing improved
structural support at the junction between the first and the
second stent-grafts.

The techniques described with reference to FIGS. 4A-D
may be used, for example, to deploy:

second stent-graft 322 in the descending aorta in the

vicinity of the renal arteries, and first stent-graft 320 in
one of the renal arteries;
second stent-graft 322 in the aortic arch, and first stent-
graft 320 in one of a brachiocephalic artery, a left
common carotid artery, and a left subclavian artery; or

second stent-graft 322 in the left and right iliac arteries,
and first stent-graft 320 in the descending aorta.

For some applications, the techniques described with
reference to FIGS. 4A-D are implemented in combination
with techniques described in PCT Publication WO 2011/
007354 and/or in PCT Publication 2011/064782, mutatis
mutandis, both of which are incorporated herein by refer-
ence.
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Reference is now made to FIGS. 5A and 5B, which are
exemplary stent patterns, in accordance with respective
applications of the present invention. These figures show
foldable section 30 cut open along a line parallel to the
longitudinal axis of the stent-graft and laid straight. The
foldable section is shown in its longitudinally-expanded
delivery configuration. Although stent elements 24 are
shown attached to the same surface of fluid flow guide 22,
alternatively a portion of the stent elements is attached to an
external surface of the fluid flow guide, and another portion
is attached an internal surface of the fluid flow guide, as
described hereinabove, such as with reference to FIGS. 1
and/or 2A-B.

Reference is now made to FIG. 6, which is a schematic
cross-sectional illustration of an elongated delivery tool 400,
in accordance with an application of the present invention.
Elongated delivery tool 400 may be used to deliver and
deploy stent-graft 20, stent-graft 120, stent-graft 180, stent-
graft 220, and/or first stent-graft 320. For example, elon-
gated delivery tool 400 may serve as delivery tool 270,
described hereinabove with reference to FIGS. 3A-F, and/or
delivery tool 332, described hereinabove with reference to
FIGS. 4A-D.

Delivery tool 400 comprises a tubular external shaft 410,
and an internal shaft 412, which is slidably disposed within
external shaft 410. Typically, internal shaft 412 is shaped so
as to define a lumen 414 therethrough, in which a guidewire
416 may be slidably positioned (for clarity of illustration, the
guidewire is not shown in FIG. 6). A distal tip 416 may be
coupled to a distal end of internal shaft 410. External shaft
410 typically has a diameter of no more than 28 Fr, such as
no more than 22 Fr, e.g., no more than 14 Fr.

Stent-graft 20, 120, 180, 220, or 320 is initially disposed,
while longitudinally stretched out in the delivery configu-
ration, between external and internal shafts 410 and 412 of
delivery tool 400, in a vicinity of a distal end 418 of external
shaft 412.

For some applications, delivery tool 400 further com-
prises a stopper member 420 fixed to internal shaft 412,
which is initially disposed proximally adjacent the stent-
graft, thereby preventing proximal movement of the stent-
graft inside the delivery tool when external shaft 410 is
withdrawn proximally relative to internal shaft 414.

Reference is now made to FIG. 7, which is a schematic
cross-sectional illustration of one wall of a doubled foldable
section 530, in accordance with an application of the present
invention. This configuration may be used in combination
with any of the configuration of the foldable endovascular
stent-graft described herein.

Doubled foldable section 530 comprises first and second
foldable sections 30A and 30B, each of which, if taken
individually, is generally similar to foldable section 30,
described hereinabove. A third subsection 36A of first fold-
able section 30A serves also as a first subsection 32B of
second foldable section 30B. As a result, first foldable
section 30A partially longitudinally overlaps second fold-
able section 30B when the stent-graft is in the deployment
configuration. When the stent-graft is in the deployment
configuration, this configuration provides even greater thick-
ening of the foldable section and even greater increased
structural support, than the configuration of foldable section
30 described hereinabove.

As used in the present application, including in the claims,
“tubular” means having the form of an elongated hollow
object that defines a conduit therethrough. A “tubular”
structure may have varied cross-sections therealong, and the
cross-sections are not necessarily circular. For example, one
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or more of the cross-sections may be generally circular, or
generally elliptical but not circular, or circular.
The scope of the present invention includes embodiments
described in the following applications, which are assigned
to the assignee of the present application and are incorpo-
rated herein by reference. In an embodiment, techniques and
apparatus described in one or more of the following appli-
cations are combined with techniques and apparatus
described herein:
PCT Application PCT/IL2008/000287, filed Mar. 5, 2008,
which published as PCT Publication WO 2008/107885
to Shalev et al., and U.S. application Ser. No. 12/529,
936 in the national stage thereof, which published as
US Patent Application Publication 2010/0063575 to
Shalev et al.

U.S. Provisional Application 60/892,885, filed Mar. 5,
2007

U.S. Provisional Application 60/991,726, filed Dec. 2,
2007

U.S. Provisional Application 61/219,758, filed Jun. 23,
2009

U.S. Provisional Application 61/221,074, filed Jun. 28,
2009

PCT Application PCT/IB2010/052861, filed Jun. 23,
2010, which published as PCT Publication WO 2010/
150208

PCT Application PCT/IL2010/000564, filed Jul. 14, 2010,
which published as PCT Publication WO 2011/007354

PCT Application PCT/IL2010/000917, filed Nov. 4, 2010,
which published as PCT Publication WO 2011/055364

PCT Application PCT/IL.2010/000999, filed Nov. 30,
2010, which published as PCT Publication WO 2011/
064782

PCT Application PCT/IL2010/001018, filed Dec. 2, 2010,
which published as PCT Publication WO 2011/067764

PCT Application PCT/IL2010/001037, filed Dec. 8, 2010,
which published as PCT Publication WO 2011/070576

PCT Application PCT/IL.2011/000135, filed Feb. 8, 2011,
entitled, “Thermal energy application for prevention
and management of endoleaks in stent-grafts,” which
published as PCT Publication WO 2011/095979

U.S. application Ser. No. 13/031,871, filed Feb. 22, 2011,
entitled, “Flexible stent-grafts,” which published as US
Patent Application Publication 2011/0208289

U.S. Provisional Application 61/496,613, filed Jun. 14,
2011

U.S. Provisional Application 61/505,132, filed Jul. 7,
2011

U.S. Provisional Application 61/529,931, filed Sep. 1,
2011

It will be appreciated by persons skilled in the art that the
present invention is not limited to what has been particularly
shown and described hereinabove. Rather, the scope of the
present invention includes both combinations and subcom-
binations of the various features described hereinabove, as
well as variations and modifications thereof that are not in
the prior art, which would occur to persons skilled in the art
upon reading the foregoing description.

The invention claimed is:

1. Apparatus comprising:

an endovascular stent-graft, which comprises: (a) a fluid
flow guide; and (b) a plurality of structural stent
elements attached to at least a portion of the fluid flow
guide; and

an elongated delivery tool,
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wherein the stent-graft is configured (a) to define a
generally tubular foldable section, which comprises
first, second, and third subsections, and (b) to assume:
a delivery configuration, when disposed in the elon-
gated delivery tool, in which delivery configuration
(a) the stent-graft, including the foldable section, is
in a radially-compressed state, and (b) the foldable
section is in a longitudinally-expanded state, in
which state the first and the third subsections longi-
tudinally surround the second subsection, and

a deployment configuration, in which (a) the stent-
graft, including the foldable section, is in a radially-
expanded state, and (b) the foldable section is in a
longitudinally-folded state, such that the second sub-
section is radially sandwiched between the first and
the third subsections.

2. The apparatus according to claim 1, wherein an average
surface coverage ratio of the structural stent elements on the
fluid flow guide along the second subsection is no more than
20% of the greater of (a) an average surface coverage ratio
of the structural stent elements of the fluid flow guide along
the first subsection and (b) an average surface coverage ratio
of' the structural stent elements on the fluid flow guide along
the third subsection.

3. The apparatus according to claim 1,

wherein a first subgroup of the structural stent elements is
attached to the first subsection, and a second subgroup
of the structural stent elements is attached to the third
subsection, and

wherein one of the first and the second subgroups of the
structural stent elements is attached to an internal
surface of the fluid flow guide, and the other of the first
and the second subgroups is attached to an external
surface of the fluid flow guide.

4. The apparatus according to claim 1, wherein, when the
stent-graft is in the delivery configuration, the first and the
second subsections are arranged longitudinally contigu-
ously, and the second and the third subsections are arranged
longitudinally contiguously.

5. The apparatus according to claim 1, wherein a first
subgroup of the structural stent elements are attached to the
fluid flow guide along the first subsection, and at least
partially curves inwardly, when the foldable section is in the
longitudinally-folded state.

6. The apparatus according to claim 1, wherein a second
subgroup of the structural stent elements are attached to the
fluid flow guide along the third subsection, and at least
partially curves inwardly, when the foldable section is in the
longitudinally-folded state.

7. The apparatus according to claim 1, wherein first and
second subgroups of the structural stent elements are
attached to the fluid flow guide along the first and the third
subsections, respectively, and wherein the first and the
second subgroups are shaped to interlock the first and the
third subsections when the foldable section is in the longi-
tudinally-folded state.

8. The apparatus according to claim 1,

wherein the stent-graft is a first stent-graft,

wherein the apparatus further comprises a second stent-
graft, which is shaped so as to define a side-facing
fenestration, and

wherein the foldable section of the first stent-graft is
dimensioned to be fixed to the side-facing fenestration,
when the second stent-graft is in a radially-expanded
state and the foldable section is in the longitudinally-
folded state.
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9. The apparatus according to claim 1, wherein the
stent-graft further comprises a plurality of circumferentially-
disposed radiopaque markers.

10. The apparatus according to claim 9,

wherein the first subsection has first and second longitu-

dinal edges,

wherein the second subsection has third and fourth lon-

gitudinal edges,

wherein the third subsection has fifth and sixth longitu-

dinal edges,

wherein the second edge joins the third edge,

wherein the fourth edge joins the fifth edge, and

wherein a first subset of the radiopaque markers are

disposed near the first edge of the first subsection, and
a second subset of the radiopaque markers are disposed
near the fifth edge of the third subsection.

11. The apparatus according to claim 1, wherein the
elongated delivery tool comprises:

a tubular external shaft; and

an internal shaft, which is slidably disposed within the

external shaft,

wherein the stent-graft is initially disposed, in the delivery

configuration, between the external and the internal
shafts of the delivery tool, in a vicinity of a distal end
of the external shaft.
12. The apparatus according to claim 11, wherein the
delivery tool further comprises a stopper member fixed to
the internal shaft, which is initially disposed proximally
adjacent the stent-graft, thereby preventing proximal move-
ment of the stent-graft inside the delivery tool when the
external shaft is withdrawn proximally relative to the inter-
nal shaft.
13. The apparatus according to claim 1, wherein the
foldable section is configured, when in the longitudinally-
folded state, to provide blood-flow sealing between the
longitudinally-folded foldable section and a wall of a blood
vessel, so as to reduce a risk of type I endoleak.
14. A method comprising:
providing an endovascular stent-graft, which includes a
fluid flow guide, and a plurality of structural stent
elements attached to at least a portion of the fluid flow
guide, wherein the stent-graft is configured to define a
generally tubular foldable section, which comprises
first, second, and third subsections;
transvascularly introducing the stent-graft into a blood
vessel of a human subject while the stent-graft is
disposed in an elongated delivery tool in a delivery
configuration, in which (a) the stent-graft, including the
foldable section, is in a radially-compressed state, and
(b) the foldable section is in a longitudinally-expanded
state, in which state the first and the third subsections
longitudinally surround the second subsection; and

thereafter, transitioning the stent-graft to a deployment
configuration in the blood vessel, in which configura-
tion (a) the stent-graft, including the foldable section, is
in a radially-expanded state, and (b) the foldable sec-
tion is in a longitudinally-folded state, such that the
second subsection is radially sandwiched between the
first and the third subsections.

15. The method according to claim 14, wherein providing
the stent-graft comprises providing the stent-graft in which
an average surface coverage ratio of the structural stent
elements of the structural stent elements on the fluid flow
guide along the second subsection is no more than 20% of
the greater of (a) an average surface coverage ratio of the
structural stent elements on the fluid flow guide along the
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first subsection and (b) an average surface coverage ratio of
the structural stent elements on the fluid flow guide along the
third subsection.

16. The method according to claim 14, wherein providing
the stent-graft comprises providing the stent-graft in which:
a first subgroup of the structural stent elements is attached to
the first subsection, a second subgroup of the structural stent
elements is attached to the third subsection, one of the first
and the second subgroups of the structural stent elements is
attached to an internal surface of the fluid flow guide, and the
other of the first and the second subgroups is attached to an
external surface of the fluid flow guide.

17. The method according to claim 14, wherein transi-
tioning comprises transitioning the stent-graft to the deploy-
ment configuration in which the first and the second sub-
sections are arranged longitudinally contiguously, and the
second and the third subsections are arranged longitudinally
contiguously.

18. The method according to claim 14, wherein providing
the stent-graft comprises providing the stent-graft in which
a first subgroup of the structural stent elements are attached
to the fluid flow guide along the first subsection, and at least
partially curves inwardly, when the foldable section is in the
longitudinally-folded state.

19. The method according to claim 14, wherein providing
the stent-graft comprises providing the stent-graft in which
a second subgroup of the structural stent elements are
attached to the fluid flow guide along the third subsection,
and at least partially curves inwardly, when the foldable
section is in the longitudinally-folded state.

20. The method according to claim 14, wherein providing
the stent-graft comprises providing the stent-graft in which
first and second subgroups of the structural stent elements
are attached to the fluid flow guide along the first and the
third subsections, respectively, and wherein transitioning the
stent-graft to the deployment configuration comprises inter-
locking the first and the third subsections.

21. The method according to claim 14, wherein the
stent-graft is a first stent-graft, and wherein the method
further comprises:

providing a second stent-graft, which is shaped so as to

define a side-facing fenestration;

transvascularly introducing the second stent-graft into the

subject; and

positioning the foldable section of the first stent-graft

inside the side-facing fenestration,

wherein transitioning comprises transitioning the first

stent-graft to the deployment configuration while posi-
tioned in the side-facing fenestration, thereby fixing the
first stent-graft to the side-facing fenestration.
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22. The method according to claim 14, wherein providing
the stent-graft comprises providing the stent-graft in which
the stent-graft further includes a plurality of circumferen-
tially-disposed radiopaque markers.

23. The method according to claim 22,

wherein the first subsection has first and second longitu-

dinal edges,

wherein the second subsection has third and fourth lon-

gitudinal edges,

wherein the third subsection has fifth and sixth longitu-

dinal edges,

wherein the second edge joins the third edge,

wherein the fourth edge joins the fifth edge,

wherein providing the stent-graft comprises providing the

stent-graft in which a first subset of the radiopaque
markers are disposed near the first edge of the first
subsection, and a second subset of radiopaque markers
are disposed near the fifth edge of the third subsection,
and

wherein transitioning the stent to the deployment con-

figuration comprises ascertaining that the foldable sec-
tion has fully assumed the longitudinally-folded state
by observing that the first and the second subsets of the
radiopaque markers are longitudinally aligned with
each other.

24. The method according to claim 14, wherein transvas-
cularly introducing comprises transvascular introducing the
stent-graft into the blood vessel while the stent-graft is
initially disposed, in the delivery configuration, between a
tubular external shaft and an internal shafts of the elongated
delivery tool, in a vicinity of a distal end of the external
shaft.

25. The method according to claim 24,

wherein the delivery tool further includes a stopper mem-

ber fixed to the internal shaft,

wherein transvascularly introducing comprises transvas-

cularly introducing the stent-graft while the stopper
member is initially disposed proximally adjacent the
stent-graft, and

wherein transitioning the stent-graft to the deployment

configuration comprises withdrawing the external shaft
proximally relative to the internal shaft, such that the
stopper member prevents proximal movement of the
stent-graft inside the delivery tool.

26. The method according to claim 14, wherein transi-
tioning the stent-graft to the deployment configuration in the
blood vessel comprises providing blood-flow sealing
between the longitudinally-folded foldable section and a
wall of the blood vessel, so as to reduce a risk of type I
endoleak.



